Juncos were categorized as immature (less than one year of age) or adult (greater than one year of age). All birds were weighed to the nearest 0.1 g, and fat levels were scored (by the same person) on a scale of O-3. Fat-free body mass was estimated by regressing the natural logarithm of body mass on fat scores and using residual body mass in subsequent analyses.
METHODS

Adult male juncos from migratory populations (J. h. hyemalis) were captured as migrants and as winter residents at Powdermill
Details of methods used in measuring, aging, and sexing juncos are given by Mulvihill (1988, 1990 ) and Mulvihill and Chandler (1990); a brief summary is provided here. For each individual we measured wing length and the distances (along the wing chord) between the wingtip and the tip of each of the nine primaries (Fig. 1 in Chandler and Mulvihill 1988) . For nrimarv 1 we termed this distance Pl: for primary 2, P2, and so on for each primary (Pl-P9). All measurements were to the nearest 0.5 mm. Juncos were sexed based on size and plumage characters (summarized by Ketterson and Nolan 1976). Age was determined by the degree of skull pneumatization and the presence or absence of retained juvenal wing feathers (Yunick 198 1; R. S. Mulvihill, unpubl. data). Juncos were categorized as immature (less than one year of age) or adult (greater than one year of age). All birds were weighed to the nearest 0.1 g, and fat levels were scored (by the same person) on a scale of O-3. Fat-free body mass was estimated by regressing the natural logarithm of body mass on fat scores and using residual body mass in subsequent analyses.
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Differences in wing length, Pl-P5, P8, and P9 between the two populations were assessed using analysis of variance (ANOVA). Primaries 6 and/or 7 usually form the wingtip in juncos (i.e., are the longest primaries and, therefore, their distance from the wingtip is zero). We quantified the frequency of four observed wingtip placements (primary 6, 6 & 7, 7, or 7 & 8) between populations using a +test. We evaluated overall differences in wing shape between hyemalis and carolinensis using multivariate analysis of variance (MANOVA). Canonical discriminant analysis was used to describe the linear combination of wing-shape variables that discriminated maximally between populations. Finally, analysis of covariance (ANCOVA) was used to determine whether the canonical axis provided significant discrimination between populations after accounting for the effects of a confounding variable (residual body mass). All statistical analyses were performed using SAS (SAS Institute, Inc. 1988).
RESULTS
Adult male juncos from sedentary populations had significantly longer wings than their migratory counterparts (Table 1 ). Sedentary juncos also had significantly smaller P5 (primary 5 falls closer to the wingtip) and significantly larger P8 and P9 (primaries 8 and 9 fall farther from the wingtip) than did migratory individuals (Table 1) . There was no significant difference in the frequency of alternative wingtip placements between the two populations (x2 = 5.03, df = 3, P = 0.169).
When the seven wing-shape variables (wing length, Pl-P5, P8, and P9) were considered simultaneously, there were significant differences in wing shape between the two populations (MANOVA, Wilks' lambda = 0.758, P < 0.001). The dimension of wing shape primarily responsible for this difference (as described by canonical discriminant analysis; Table 2 ) was an axis representing positive covariation between wing length and distal primary distances (particularly P9). Sedentary and migratory juncos differed significantly along this canonical axis (Table 1) Mean residual body mass differed significantly between migratory and sedentary juncos (Table 1) . Furthermore, there was a significant correlation between canonical scores and residual body mass (r = 0.394, P < 0.001). This raised the possibility that wing-shape differences between populations might be due solely to size differences between hyemalis and carolinensis. When canonical axis scores were regressed on residual body mass, there was no significant difference between the slopes for the two populations (heterogeneity of slopes model, F = 0.33, P = 0.564). This lack of a significant difference in slopes permitted a comparison of the elevation of the two regression lines (common slopes model). Based on this analysis, the canonical axis provided significant discrimination between hyemalis and carolinensis even after accounting for dif- Table 1 ). These differences, as described by canonical discriminant analysis (Table  2) , are sufficient to distinguish the two populations even after accounting for interpopulation differences in residual body mass (Fig. 2) . Based on previous comparisons within and among other species (e.g., Chapman 1940; Kipp 1942, 1958; Gaston 1974), juncos from a migrant population were expected to have more pointed wings than those from a largely sedentary population. The differences in primary distances between carolinensis and hyemalis are consistent with this generalization. The smaller P5, larger P8, and larger P9 observed in carolinensis all reflect a shift toward a slightly rounder wing relative to hyemalis (Dorst 1962 :380-38 1, Stegmann 1962:52, Kokshaysky 1973). The rounder wings of carolinensis (and other resident populations) presumably reflect a shape that is free from selection for migratory performance and more adapted to other needs (such as foraging or avoidance of predators).
Despite their slightly more rounded wing, however, in carolinensis there was no shift in the wingtip away from the leading edge of the wing (another characteristic of rounded wings). Furthermore, the significantly longer wings of carolinensis are inconsistent with the typical pattern of relatively shorter wings in non-migratory populations (Chapman 1940 , Gaston 1974 , Keast 1980 . Longer wings in carolinensis (as reflected We undertook a comparison of wing shape between carolinensis and hyemalis because we had previously found in hyemalis that wing-shape variation among age/sex classes was not related to differential migratory effort among the age/sex classes (Mulvihill and Chandler 1990). The comparison of carolinensis and hyemalis involves a steeper gradient of migratory effort than that found among age/sex classes of hyemalis alone. Although some interpopulation differences in wing shape were consistent with the expected effects of differences in migratory effort, others were not. Furthermore, the magnitude of the wing-shape differences between hyemalis and carolinensis is small and no larger than the wing-shape differences observed among age/ sex classes of hyemalis (Mulvihill and Chandler 1990). These results suggest that over the range of migratory effort displayed by these populations (from largely sedentary to medium-distance migrations), distance migrated does not have a pronounced effect on wing shape ( 
